
I 
I 

BELLCOMM, I N C .  

NUMBER DENSITY OF MARTIAN CRATERS 

TR-68 -710 -1 

Janua ry  29 ,  1968 

A .  H .  Marcus 

Work performed for O f f i c e  of Manned Space F l i g h t ,  N a t i o n a l  
A e r o n a u t i c s  and Space A d m i n i s t r a t i o n ,  u n d e r  C o n t r a c t  NASW-417. 



I 
E 
I 
8 
1 
8 
1 
I 

TABLE OF CONTENTS 

ABSTRACT 

I. INTRODUCTION 

11. STATISTICS OF MARTIAN CRATERS 

111. EQUILIBRIUM NUMBER DENSITY FOR 

IV. FLUCTUATIONS I N  CRATER COUNTS 

REFERENCES 

THE 

TR-68-710 -1 

IMPACT HYPOTHESIS 



BELLCOMM, INC. I 

ABSTRACT 

The a u t h o r  h a s  measured d i a m e t e r s  of c r a t e r s  on 

t h e  A . C . I . C .  C a r t o g r a p h i c  Reduct ion  of  Frames 3-14 of t h e  

M a r i n e r  IV pho tographs  of Mars. The i n c r e m e n t a l  f r e q u e n c y  

d i s t r i b u t i o n  of d i a m e t e r s  o f  c r a t e r s  l a r g e r  t h a n  20-30 k m  

f o l l o w s  an i n v e r s e  s q u a r e  law w i t h  d e n s i t y  e q u a l  to t h a t  

of c y a t e r s  on t h e  l u n a r  c o n t i n e n t s .  T h i s  i s  i n  acco rd  

w i t h  t h e  p r e d i c t i o n  t h a t  l u n a r  c o n t i n e n t s  and t h e  Mar t i an  

s u r f a c e  c a r r y  an  e q u i l i b r i u m "  d e n s i t y  of  c r a t e r s  of  

m e t e o r o i d a l  impact o r i g i n .  D e t a i l s  of f l u c t u a t i o n s  i n  

c r a t e r  c o u n t s  s u p p o r t  t h i s  c o n c l u s i o n .  
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NUMBER DENSITY OF M A R T I A N  CRATERS 

I.  I N T R O D U C T I O N  

Mar ine r  I V  d i s c o v e r e d  t h a t  Mars has a h e a v i l y  c r a t e r e d ,  
s u r p r i s i n g l y  Moon-like s u r f a c e .  The ma jo r  d i f f e r e n c e  between 
c r a t e r s  on t h e  Moon and on Mars i s  t h a t  t h e  Mar t i an  c r a t e r s  
seem to b e  very  much s h a l l o w e r ,  p o s s e s s i n g  lower  r i m s  and 
f l a t t e r  f l o o r s  t h a n  "sharp" l u n a r  c r a t e r s  of t h e  same d i a m e t e r .  
T h i s  f l a t t e n i n g  i s  u s u a l l y  a t t r i b u t e d  to p r o c e s s e s  which o p e r a t e  
a t  t h e  M a r t i a n  s u r f a c e ,  e . g . ,  e r o s i o n  by and d e p o s i t i o n  o f  wind 
blown sand .  I n  s p i t e  of  these  s u r f i c i a l  d i f f e r e n c e s ,  i t  i s  
p o s s i b l e  t h a t  c r a t e r s  on t h e  Moon and Mars have l a r g e - s c a l e  
s i m i  l a r i t  i e  s . 

A s t a t i s t i c a l  method can h e l p  to answer t h i s  q u e s t i o n .  
The e x p e c t e d  number d e n s i t y  o f  c r a t e r s  as a f u n c t i o n  o f  t h e i r  
d i a m e t e r  can  be r e l a t e d  to t h e  c r u c i a l  p a r a m e t e r s  o f  t h e  proc-  
esses  b y  which c r a t e r s  are formed and t h e n  d e s t r o y e d  by  o b l i t e r a -  
t i o n ,  f l o o d i n g ,  e r o s i o n  and s e d i m e n t a t i o n .  The consequences  
o f  t h e  m e t e o r o i d a l  impact  h y p o t h e s i s  have been p r e v i o u s l y  worked 
o u t  by  Marcus (1) and a r e  a p p l i e d  to t h e  Mars d a t a .  The 
impact  h y p o t h e s i s ,  which a d e q u a t e l y  p r e d i c t s  t h e  s i z e  d i s t r i b u -  
t i o n  o f  l a r g e  l u n a r  c r a t e r s  i n  c o n t i n e n t a l  and mare r e g i o n s ,  
a l s o  a d e q u a t e l y  p r e d i c t s  t h e  d i s t r i b u t i o n  of  c r a t e r s  on Mars. 

11. STATISTICS OF M A R T I A N  CRATERS 

E a r l y  M a r t i a n  c r a t e r  c o u n t s  by Le igh ton  e t  a l . ,  (2) ( 3 ) ,  
b a s e d  e s s e n t i a l l y  on t h e  f i r s t  p r e s s  k i t  p h o t o s ,  y i e l d e d  a 
number d e n s i t y  r o u g h l y  i n t e r m e d i a t e  between t h a t  o f  t h e  l u n a r  
c o n t i n e n t s  and l u n a r  maria. L a t e r  c o u n t s  b y  B i n d e r  (4)  , 
B r o n s h t e n  (5), and Hartmann ( 6 )  e s s e n t i a l l y  v e r i f i e d  t h e s e  
d e n s i t i e s ,  which were based  on  70-110 c r a t e r s  f o r  a l l  o f  t h e  
u s a b l e  Mar ine r  N p h o t o s  ( f o r  t h i s  p u r p o s e ,  Frames 3 - 1 6 ) .  
Although t h e s e  d e n s i t i e s  of M a r t i a n  c r a t e r s  were g e n e r a l l y  
a c c e p t e d ,  t h e y  were known to be low b y  a l a r g e  f a c t o r  (7 )  
s i n c e  o n l y  c r a t e r s  of r e l a t i v e l y  s h a r p  and  pr is t :ne a p p e a r -  
a n c e  were c o u n t e d ,  t h u s  ignolsing t h e  many "ghos t  c r a t e r s  
which o f t e n  were consp icuous  i n  s p i t e  of  t h e i r  low r e l i e f .  

The poor  q u a l i t y  o f  the p r e s s  k i t  pho tos  and t h e  
knowledge t h a t  g r e a t l y  improved p h o t o s  would s h o r t l y  be a v a i l a b l e  
f rom JPL d i s c o u r a g e d  e a r l i e r  e f f o r t s  on t h e  p a r t  o f  t h e  a u t h o r  
to do a s t a t i s t i c a l  a n a l y s i s  o f  t h e  M a r t i a n  c r a t e r s .  However, 
t h e  Mar ine r  I V  c a r t o g r a p h i c  r e d u c t i o n  r e c e n t l y  p r e p a r e d  by  t h e  
A e r o n a u t i c a l  Char t  and I n f o r n a t i o n  C e n t e r  (8) now g i v e s  us 
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s u i t a b l e  m a t e r i a l  f o r  s t a t i s t i c a l  a n a l y s e s .  Although i m p o r t a n t  
problems o f  t h e  s u b j e c t i v e  i d e n t i f i c a t i o n ,  i n t e r p r e t a t i o n ,  
and measurement o f  c r a t e r s  remain: t h e  A.C.I.C. r e d u c t i o n  i s  
s t i l l  t h e  b e s t  s o u r c e  o f  c r a t e r  da ta .  

Because t h e i r  c o r n e r s  o v e r l a p ,  c o n s e c u t i v e  p a i r s  o f  
M a r i n e r  I V  p h o t o g r a p h i c  frames are p u b l i s h e d  on a s i n g l e  shee t  
m o s a i c ,  e . g .  Frames 3-4, 5-6 e t c . ,  e x c e p t  f o r  Frames 1 and 2 .  
No frame t a k e n  a f t e r  Frame 16 showed enough d e t a i l  to meri t  
c a r t o g r a p h i c  r e d u c t i o n .  The p o o r  q u a l i t y  o f  photography on 
Frames 1, 2 ,  15  and 1 6  d i s c o u r a g e d  t h e i r  u s e  i n  t h i s  a n a l y s i s .  

The b a s i c  c r a t e r  counts  a r e  g i v e n  i n  Table  1 and 
d i s p l a y e d  i n  F i g u r e s  1 - 7 .  (The  r e a s o n  f o r  c o n s i d e r i n g  Frame 11 
s e p a r a t e l y  w i l l  be d i s c u s s e d  l a t e r . )  The c o u n t s  a r e  d i s p l a y e d  
i n  " i n c r e m e n t a l "  r a t h e r  t h a n  t h e  more f a m i l i a r  " cumula t ive"  
form. A s  Hartmann (6)(9) has shown, i n c r e m e n t a l  c o u n t s  
p r e s e r v e  t h e  e s s e n t i a l  shape  o f  t h e  number d e n s i t y  w h i l e  g i v i n g  
a much b e t t e r  p i c t u r e  o f  t h e  f l u c t u a t i o n s  t h a n  do t h e  curnulat ive 
c o u n t s .  Each b a r  on t h e  g raphs  r e p r e s e n t s  t h e  number o f  c r a t e r s  
between x and xdz 'km d i a m e t e r  (x = 2k'2 f o r  k = 3 ,  4, 5 e t c . )  
p e r  s q u a r e  km. The  pa rame te r s  o f  t h e  two forms are e a s i l y  
r e l a t e d  i n  t h e  c a s e  t h a t  w e  have an i n v e r s e  power l a w  t y p e  o f  
d i a m e t e r  d i s t r i b u t i o n :  

Cumulat ive number o f  c r a t e r s  p e r  u n i t  area whose 
diameters  exceeds  x 

I n c r e m e n t a l  number o f  c r a t e r s  p e r  u n i t  a r e a  
whose d i a m e t e r s  a r e  between x and x d 2  k m  

) 
- S  - s / 2  = c x  ( 1 - 2  

where s and C are  p o s i t i v e  c o n s t a n t s  known as t h e  
p o p u l a t i o n  i n d e x  and t h e  d e n s i t y  c o e f f i c i e n t ,  r e s p e c t i v e l y .  On 
a l o g - l o g  g raph  b o t h  cumula t ive  and i n c r e m e n t a l  c o u n t s  o f  i n v e r s e  
power l a w  t y p e  a p p e a r  as a s t r a i g h t  l i n e  w i t h  s l o p e  -s. 

s = 2.0, C = 0.10 per  sq k m  f o r  c r a t e r s  l a r g e r  t h a n  1 km 
d i a m e t e r  ( 9 ) .  T h i s  i n c l u d e s  b o t h  t h e  S o u t h e r n  High lands  
on t h e  n e a r  s i d e  and t h e  most d e n s e l y  c r a t e r e d  f a r s i . d e  
r e g i o n s .  The c r a t e r  d e n s i t y  on t h e  l u n a r  maria is  much 

Lunar  c o n t i n e n t s  a r e  known to b e  c h a r a c t e r i z e d  by 
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l e s s ,  and a l s o  i s  c h a r a c t e r i z e d  b y  a s m a l l e r  p o p u l a t i o n  i n d e x ,  
s = 1 . 5 5  to 1 . 8 0 ,  and C = 1 x t o  2 . 5  x p e r  sq krn, 

~l,t: ,,lal 1, n J .,. - n A- P 4 A h  nh 4 
U C L l I b  L u I l o I u G I L u .  Thc straight line sn accoi;dii-,g t o  I l - -  ---- 

F i g u r e s  1 - 7 g i v e s  t h e  l u n a r  c o n t i n e n t a l  i n c r e m e n t a l  d e n s i t y ,  
p e r  s q  km, f o r  c r a t e r s  of diameter x to x i 2  km, which 0 . 0 5  x 

s h o u l d  be compared w i t h  t h e  l e f t  ends  of  t h e  bars  on t h e  g raphs  
s i n c e  t h e  l e f t  end o f  t h e  bar c o r r e s p o n d s  t o  t h e  d i a m e t e r  x 
i n  t h e  smoothed i n c r e m e n t a l  d e n s i t y .  

-2  

A t  l a r g e  Uiameters  t h e  M a r t i a n  c r a t e r  c o u n t s  are i n  
e x c e l l e n t  agreement  w i t h  t h e  l u n a r  c o n t i n e n t a l  c o u n t s ,  t a k i n g  
i n t o  accoun t  t h e  small  number o f  o b s e r v a t i o n s  ( T a b l e  1). We 
n o t e  f i r s t  o f  a l l  t h a t  t h e  index  s = 2 . 0  i s  j u s t i f i e d  i n  e v e r y  
c a s e .  The d e n s i t y  c o e f f i c i e n t s  may b e  s l i g h t l y  d i f f e r e n t  from 
r e g i o n  to r e g i o n .  I n  T a b l e  2 w e  r e c o r d  t h e  r a t i o  C (Mars)/C 
( l u n a r  c o n t i n e n t s )  o f  d e n s i t y  o f  l a r g e  c r a t e r s  on Mars and on 
t h e  l u n a r  c o n t i n e n t s ,  as w e l l  as t h e  minimum d i a m e t e r  xmin a t  
which an i n v e r s e  s q u a r e  l a w  i s  a p p l i c a b l e  t o  t h e  Mars c o u n t s .  

Note t h a t  t h e  number d e n s i t i e s  i n  F i g u r e s  1 - 7 a r e  
n o t  s imply  ( n u m b e r ) / ( a r e a )  from Table  1. There i s  an i m p o r t a n t  
p r a c t i c a l  r e a s o n  for t h i s .  The a u t h o r  coun ted  a l l  c r a t e r s  f o r  
which any p a r t  o f  t h e  p e r i m e t e r  e x t e n d s  i n t o  t h e  M a r i n e r  f r ame .  
Consequen t ly ,  t h e  t r u e  area w i t h i n  which w e  are  l o o k i n g  f o r  
c r a t e r s  o f  d i a m e t e r  x c o n s i s t s  o f  t h e  area o f  t h e  pho to  p l u s  
an  a d d i t i o n a l  s t r i p  o f  w i d t h  r o u g h l y  x/2 which s u r r o u n d s  t h e  
r e g i o n  pho tographed .  For  l u n a r  c o u n t s  t h i s  i s  n o t  u s u a l l y  
i m p o r t a n t ,  b u t  on t h e  Mariner  I V  frames t h e  c r a t e r s  are  l a r g e  
compared t o  t h e  s i z e  o f  t h e  pho to ,  t h u s  t h e  e f f e c t i v e  s e a r c h  
area f o r  l a r g e  c r a t e r s  i s  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  a r e a  
pho tographed .  This  e f f e c t  g r e a t l y  m o d i f i e s  t h e  es t imated  
d e n s i t i e s  and s h o u l d  n o t  be  o v e r l o o k e d .  

111. EQUILIBRIUM NUMBER DENSITY FOR THE IMPACT HYPOTHESIS 

The a u t h o r  has developed  a s t a t i s t i c a l  t h e o r y  o f  t h e  
f o r m a t i o n  and s u r v i v a l  o f  c r a t e r s  which t a k e s  i n t o  accoun t  t h e  
randomness,  i n  s p a c e  and t ime ,  o f  t h e  b i r t h  of p r imary  and 
secondary  c r a t e r s ,  t h e  d e s t r u c t i o n  or o b l i t e r a t i o n  o f  o l d e r  
c r a t e r s  by newer ones  which form n e a r b y ,  and t h e i r  d i sap -  
p e a r a n c e s  a s  a result of f l o o d i n g  or f i l l i n g  (1) .  It i s  
assumed t h a t  t h e  most i m p o r t a n t  f a c t o r  i n  t h e  s u r v i v a l  o f  l a r g e  
c r a t e r s  on t h e  l u n a r  c o n t i n e n t s  and on Mars i s  t h e  o b l i t e r a t i o n  
or cove rage  of  o l d  c r a t e r s  by new o n e s .  It can  b e  shown q u i t e  
g e n e r a l l y  t h a t  i f  t h e  s i z e  d i s t r i b u t i o n  o f  newborn c r a t e r s  does  
n o t  change w i t h  t ime,  t h e  obse rved  d i s t r i b u t i o n  w i l l  app roach  
a s t a t i s t i c a l  e q u i l i b r i u m  s t a t e  i n  which s m a l l e r  c r a t e r s  are  
d e s t r o y e d  by l a r g e r  o n e s  a t  t h e  same r a t e  a t  which t h e y  are  formed.  
It i s  t h e r e f o r e  i m p o s s i b l e  t o  e s t i m a t e ,  f rom t h e  number of 
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c r a t e r s  obse rved  on a h e a v i l y  c r a t e r e d  s u r f a c e ,  t h e  t o t a l  number 
o f  c r a t e r s  which have been formed on t h a t  s u r f a c e  - a f a t a l  
d e f e c t  i n  attezpts tc! estim=lte t h e  age of h e a v i l y  c r a t e r e d  
s u r f a c e s  f rom c r a t e r  s t a t i s t i c s .  (It i s  assumed t h a t  t h e  e q u i l i b -  
Yium density has been reached  for a l l  l a r g e  c r a t e r s  p r e s e n t  i n  
s t a t i s t i c a l l y  s i g n i f i c a n t  numbers . )  

The e q u i l i b r i u m  expec ted  number d e n s i t y  C(x) ( e x p e c t e d  
number o f  c r a t e r s  o f  d i ame te r  x p e r  u n i t  a r e a ,  p e r  u n i t  d i a m e t e r  
i n t e r v a l )  i s  s imply  re la ted  to t h e  p r o b a b i l i t y  d e n s i t y  p ( x )  
o f  c r a t e r  diameter a t  t h e  t i m e  o f  b i r t h  (1): 

It i s  assumed t h a t  a c r a t e r  i s  a p e r f e c t l y  c i r c u l a r  o b j e c t  which 
d e s t r o y s  e v e r y t h i n g  w i t h i n  i t s  p e r i m e t e r ,  b u t  l e a v e s  e v e r y t h i n g  
o u t s i d e  i n t a c t .  We have a l s o  invoked  t h e  approx ima t ion  t h a t  a 
c r a t e r  i s  o b l i t e r a t e d  i f  and on ly  i f  i t  i s  comple t e ly  o v e r l a p p e d  
by  a l a r g e r  c r a t e r .  

The m e t e o r o i d a l  impact h y p o t h e s i s  p r e d i c t s  t h a t  t h e  
f u n c t i o n a l  form o f  p ( x )  i s  an i n v e r s e  power law 

where t h e  s i z e  o f  t h e  smal les t  " o b s e r v a b l e "  c r a t e r  i s  t a k e n  as 
t h e  u n i t  o f  d i s t a n c e  (1 k i l o m e t e r  i s  c o n v e n i e n t  f o r  o u r  p u r p o s e s ) .  
The c o n s t a n t  y i s  t h e  p roduc t  o f  two r a t h e r  p o o r l y  known c o n s t a n t s ,  
t h e  c u m u l a t i v e  p o p u l a t i o n  index  y o f  t h e  masses o f  p l a n e t e s i m a l s  1 
which presumably  bombarded t h e  s u r f a c e ,  and t h e  exponent  y2 i n  
t h e  s c a l i n g  law which r e l a t e s  c r a t e r  diameter  x t o  t h e  ene rgy  W 
o f  t h e  e x p l o s i o n  which caused t h e  c r a t e r  

x = ( c o n s t a n t )  W l/Y, 

The most p l a u s i b l e  r a n g e s  of parameter v a l u e s  a re  0 . 6  2 y1 - < 0.8, 
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and 3 2 y2 
1 . 8  t o  3 .2 ,  b u t  t h e  most l i k e l y  range  i s  2 . 1  - < y - < 2 . 7 .  

we d e r i v e  an  e x p e c t e d  e q u i l i b r i u m  d e n s i t y  ( f o r  y > 2 )  

- < 4. The extreme range  o f  p o s s i b l e  v a l u e s  o f  y i s  

Assuming t h e  i n v e r s e  power l a w  form f o r  p ( x )  i s  c o r r e c t ,  

an e x p e c t e d  cumula t ive  e q u i l i b r i u m  d e n s i t y  
I 

and an e x p e c t e d  i n c r e m e n t a l  e q u i l i b r i u m  d e n s i t y  

We f i r s t  obse rve  t h a t  f o r  any y > 2 ,  t h e  cumula t ive  or i n c r e m e n t a l  
e q u i l i b r i u m  d e n s i t y  i s  an i n v e r s e  s q u a r e  law. E q u a t i n g  t h e  
o b s e r v e d  l u n a r  c o n t i n e n t a l  d e n s i t y  c o e f f i c i e n t  t o  t h i s  v a l u e ,  we 
d e r i v e  y = 2.13,  which i s  r a t h e r  u n c e r t a i n .  Although t h e  M a r t i a n  
c r a t e r  s t a t i s t i c s  a r e  too poor  to p e r m i t  u s  t o  d e t e r m i n e  d e f i n i t e l y  
w h e t h e r  t h e  i n d e x  o f  t h e  obse rved  d i s t r i b u t i o n  i s  2 . 0 0 ,  t h e  
l u n a r  c o n t i n e n t a l  o b s e r v a t i o n s  a r e  a c c u r a t e l y  c h a r a c t e r i z e d  by 
t h i s  v a l u e .  The l u n a r  c o n t i n e n t a l  and M a r t i a n  c r a t e r  c o u n t s  are 
t h e r e f o r e  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  these  s u r f a c e s  
have an e q u i l i b r i u m  d e n s i t y  o f  p r imary  impact  c r a t e r s .  A s  
u s u a l ,  we canno t  p r e c l u d e  t h e  h y p o t h e s i s  t h a t  most of t h e  l a r g e  
c r a t e r s  are of i n t e r n a l  o r i g i n  because  t h e r e  i s  no q u a n t i t a t i v e  
t h e o r y  for t h e  o r i g i n  of  endogeneous c r a t e r s .  

I V .  FLUCTUATIONS I N  CRATER COUNTS 

The r e l a t i v e l y  s m a l l  s i z e  o f  t h e  M a r i n e r  I V  sample 
i n t r o d u c e s  two s e v e r e  problems i n  t h e  a c c u r a t e  d e t e r m i n a t i o n  o f  
c r a t e r  number d e n s i t i e s .  I n  t h e  f i r s t  p l a c e ,  t h e r e  would be  
an  obv ious  problem o f  small number f l u c t u a t i o n s  even  i f  t h e  
i n c r e m e n t a l  c o u n t s  obeyed Po i s son  s t a t i s t i c s .  Second ly ,  t h e r e  
i s  an a d d i t i o n a l  s o u r c e  o f  v a r i a b i l i t y  because  t h e  numbers o f  
c r a t e r s  of d i f f e r e n t  s i z e s  i n  a small r e g i o n  are s t r o n g l y  
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c o r r e l a t e d ,  which f o l l o w s  d i r e c t l y  f rom t h e  assumpt ion  t h a t  
smaller c r a t e r s  can  b e  o b l i t e r a t e d  by l a r g e r  o n e s .  I n  r e g i o n s  

t o  be a d e a r t h  o f  smaller ones,  and r e g i o n s  d e f i c i e n t  i n  r e c e n t  
l a r g e  c r a t e r s  w i l l  p r o b a b l y  show a s u r p l u s  o f  s m a l l e r  o n e s .  
T h e o r e t i c a l  s t u d i e s  (1) sugges t  t h a t  even  i n  c o n t i n e n t a l  
r e g i o n s  of t h e  s i z e  o f  , t h e  Mariner  I V  frames ( a b o u t  250 k m )  
t h e r e  may b e  a 2 0  t o  30 p e r  c e n t  v a r i a t i o n  i n  t h e  a v e r a g e  
d e n s i t y  o f  even  1 0  t o  1 0 0  km d i a m e t e r  c r a t e r s ,  v a r i a t i o n  which 
i s  super imposed  on t h e  Poisson  f l u c t u a t i o n s .  Thus t h e  v a r i a b i l i t y  
i n  C (Mars)/C ( l u n a r  c o n t i n e n t s )  (Tab le  2 )  may s t i l l  be con- 
s i s t e n t  w i t h  s i m i l a r  h i s t o r i e s  o f  impact  c r a t e r  f o r m a t i o n  on 
t h e  s u r f a c e s  o f  t h e  two p l a n e t s .  

! A T i t , h  2 rel!&+,iT"y s12yplus =f r e c e n t  l a rge  craters t h e r e  is l z k z l j ;  

Some s l i g h t  anomal ies  i n  t h e  c r a t e r  c o u n t s  may a l s o  
be  e a s i l y  i n t e r p r e t e d  i n  terms of  c o r r e l a t e d  f l u c t u a t i o n s .  
Although t h e  anomal i e s  are n o t  s i g n i f i c a n t  by themse lves ,  t h e y  
are u n i f o r m l y  c o n s i s t e n t  w i t h  t h e  above t h e o r y .  We d i s c u s s  t h e  
pho tograph  p a i r s  i n d i v i d u a l l y .  

Frames 3-4. No r e a l l y  l a r g e  c r a t e r s  ( g r e a t e r  t h a n  
1 1 0  km) ,  t h u s  smaller c r a t e r s  are somewhat more numerous t h a n  
a v e r a g e .  The t e r r a i n  i s  somewhat r o u g h e r  i n  Frame 3 t h a n  i n  
Frame 4 (or so i t  a p p e a r s )  b u t  t h e  c r a t e r  d i s t r i b u t i o n s  a re  
r o u g h l y  s imilar .  

smaller  t h a n  45 km diameter.  The c r a t e r  loss may be i n t r i n s i c  
t o  t h i s  r e g i o n  and n o t  due t o  p o o r  pho tography ,  s i n c e  some o f  
t h e  r e c e n t  smaller c r a t e r s  a r e  ve ry  c l e a r  and w e l l  r e s o l v e d .  

Frames 5-6. There i s  an a p p a r e n t  d e f i c i e n c y  o f  c r a t e r s  

Frames 7-8. Good photography.  All number d e n s i t i e s  
are  c l o s e  t o  e x p e c t e d  v a l u e s .  The r o u g h e r  t e r r a i n  i n  Frame 7 
may l i e  i n  t h e  Memnonia d e s e r t ,  and t h e  smoother  t e r r a i n  i n  
Frame 8 may l i e  i n  Mare Sirenum. 

Frames 9-10 .  Also good pho tography .  There a re  
r e c e n t  l a r g e  c r a t e r s  i n  some abundance ,  b u t  t h e y  a l l  l i e  n e a r  
t h e  edges of Frame 1 0  and none a r e  i n  t h e  c e n t e r  o f  e i t h e r  
f rame.  Thus, as i n  Frames 3-4, w e  would e x p e c t  a s u r p l u s  o f  
smaller c r a t e r s .  These frames may f a l l  i n  Mare Sirenum. 

Frames 11-12 .  Frame 1 2  i s  d e f i n i t e l y  much "smoother"  
t h a n  Frame 11 and e x h i b i t s  a much lower  c r a t e r  d e n s i t y ;  i t  i s  
n o t  p o s s i b l e  t o  de t e rmine  whether  t h i s  i s  due t o  deg raded  
photography or degraded  topography.  Frame 11 c o u l d  f a l l  w i t h i n  
t h e  l i g h t  r e g i o n  A t l a n t i s  and Frame 1 2  w i t h i n  t h e  dark r e g i o n  
Mare Cimmerium. F o r  t h i s  r e a s o n  we have c o n s i d e r e d  Frame 11 
s e p a r a t e l y .  

Frame 11. The obse rved  d i s t r i b u t i o n  o f  l a r g e  c r a t e r s  
i n  t h i s  frame i s  c l o s e  t o  t h e  e x p e c t e d  d e n s i t y ,  w i t h  no l a r g e  
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f l u c t u a t i o n s .  The l a r g e ,  f a i r l y  s h a r p  c r a t e r  i n  t h e  c e n t e r  o f  
Frame 11 may have d e s t r o y e d  some o l d  small c r a t e r s  when i t  
w a s  f n r m e d .  

Frames 13-14. The shape o f  t h e  d i s t r i b u t i o n  i s  ve ry  
c l o s e  to t ha t  e x p e c t e d .  The lower  o v e r a l l  d e n s i t y  can b e  
e x p l a i n e d  by p o o r e r  photography,  which may cause  t h e  loss o f  
s h a l l o w  " g h o s t "  c r a t e r s .  

We see t h a t  t h e  l a r g e  c o r r e l a t e d  f l u c t u a t i o n s  i n h e r e n t  
i n  c r a t e r  c o u n t s  r e a d i l y  e x p l a i n  s m a l l  v a r i a t i o n s  i n  c r a t e r  
d e n s i t y  and anomalous f e a t u r e s  i n  t h e  d i s t r i b u t i o n  o f  l a r g e  
M a r t i a n  c r a t e r s .  There a r e  t h u s  no s t a t i s t i c a l  d i f f i c u l t i e s  
i n  c o n c l u d i n g  t h a t  l a r g e  l u n a r  c o n t i n e n t a l  c r a t e r s  and M a r t i a n  
c r a t e r s  have t h e  same s i ze  d i s t r i b u t i o n ,  and t h e r e f o r e  have 
s imi l a r  (p re sumab ly  i m p a c t )  h i s t o r i e s .  

1012-AHM-h j t A .  H .  Marcus 
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a 
TABLE I1 

FRAME C (MARS ) / C  (LUNAR CONTINENTS ) X min (km) 

3-4 

5-6 

7-8 
9-10 

11-12 

11 

13-14 

0.6 

1.0 

1.1 

0.8 

1.0 

0.7 

~ 

32 

45 

16 

22 

16 

16 

16 

C (Mars)/C(lunar continents) is the ratio of the densities of 

large craters on Mars and on the lunar continents. x 

smallest diameter for which an inverse square law incremental 

frequency distribution is valid. 

is the mi n 
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